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LQVXUDQFHFODLPVGDWDVHWUHODWHGWRWKHKLVWRULFDOIORRGLQJHYHQWVDIIHFWLQJWKHLQYHVWLJDWHGZDWHUVKHGE\H[FOXGLQJ
LQIRUPDWLRQGUDZQIURPRQHIORRGLQJORFDWLRQRURQHIORRGLQJHYHQW)RUPRUHGHWDLOVVHH>@


)LJ'HSWKGDPDJHFXUYHVDQGPHDVXUHGGDPDJHVIRUYHKLFOHVUHODWHGWRWKHFDVHVWXG\
,Q OLWHUDWXUH VHYHUDO K\SRWKHVLV DUH XVXDOO\ PDNH RQ WKH SRVWHULRU GLVWULEXWLRQ  '0_\S N  DQG RQ WKH SULRU
SUREDELOLW\  N0S RIWKHPRGHO0NIRUDQHDVLO\%0$LPSOHPHQWDWLRQ>@,QWKHSUHVHQWVWXG\VRPHRIWKRVH
DVVXPSWLRQVZHUHPDGHWRFDUU\RXWWKHDQDO\VLV$FFRUGLQJWRWKHRULJLQDO%0$PHWKRG>@IRUHDFKLQGLYLGXDO
PRGHOGDPDJHFXUYH0NDQGIRUHDFKKLVWRULFDOIORRGLQJHYHQWDQDO\]HGWKHSRVWHULRUGLVWULEXWLRQRI\  '0_\S N
ZDVDVVXPHG*DXVVLDQZLWKPHDQ NP DQGYDULDQFH NV HTXDOWRPHDQDQGYDULDQFHRIWKHLQGLYLGXDOPRGHOSUHGLFWLRQN\ ,QWKHSUHVHQWVWXG\WKH*DXVVLDQDVVXPSWLRQZDVPDGHIRUFRPSXWDWLRQDOFRQYHQLHQFH%0$VFKHPHLQIDFW
FRXOGEHDSSOLHGE\DVVXPLQJRWKHUSUREDELOLW\GLVWULEXWLRQVWKDQNVWRWKHDGRSWLRQRIVWDWLVWLFDOWHFKQLTXHVVXFKDV
0DUNRY &KDLQ 0RQWH &DUOR 0&0& PHWKRG FDSDEOH RI VLPXODWLQJ DQ\ FRPSOH[ SUREDELOLW\ GLVWULEXWLRQ >@
+RZHYHUXVLQJGLIIHUHQWVWDWLVWLFDOGLVWULEXWLRQ WRGHVFULEH  '0_\S N UHVXOWHG LQYHU\VLPLODUFRQFOXVLRQVDV WKH
QRUPDO FRQGLWLRQDO GLVWULEXWLRQ SUHVHQWHG LQ WKH VWXG\ >@0RUHRYHU WR FRPSXWHPRGHO ZHLJKWV ZDVPDGH WKH
K\SRWKHVLVUHJDUGLQJWKH*DXVVLDQGLVWULEXWLRQRIWKHUHVLGXDOVEHWZHHQWKHPRGHODQGWKHREVHUYDWLRQVDVVXPLQJWKH
QXOODYHUDJHDQGYDULDQFH NHV >@$FFRUGLQJWRVXFKK\SRWKHVLVWKHWHUP  N0_'S SUHVHQWVLQWKH(TFDQEH
ZULWWHQLQWKHPXOWLSOLFDWLYHIRUPDVIROORZ
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ZKHUH IRU WKH FRQVLGHUHG KLVWRULFDO HYHQW NL\ DUH WKH PRGHOLQJ UHVSRQVHV FRUUHVSRQGLQJ WR WKH P DYDLODEOH
PHDVXUHPHQWV'LRIIORRGLQJGDPDJHLQWKHDQDO\]HGZDWHUVKHGDQG NHV LVWKHYDULDQFHRIWKHNWKPRGHOUHVLGXDO
7KHDSSOLFDWLRQRI(T LVEDVHGRQ WKHK\SRWKHVLV WKDW UHVLGXDOVDUHKRPRVFHGDVWLF LQGHSHQGHQWDQG LGHQWLFDOO\
GLVWULEXWHGLQWLPH7KDWK\SRWKHVLVVKRXOGEHYHULILHGFRQVLGHULQJWKDWWKHSUREDELOLW\GLVWULEXWLRQRIGDPDJHDQGRI
GDPDJH UHVLGXDOV LV XVXDOO\QRQ*DXVVLDQ7KHUHIRUH IRUHDFKKLVWRULFDO IORRGHYHQWERWKPRGHOHGDQGREVHUYHG
GDPDJH GDWD ZHUH SUHSURFHVVHG XVLQJ WKH %R[±&R[ WUDQVIRUPDWLRQ SULRU WR WKH %0$ SURFHGXUH VR WKDW WKH
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WUDQVIRUPHGYDULDEOHVZHUHFORVH WR WKH*DXVVLDQGLVWULEXWLRQ>@ $FFRUGLQJ WR WKHSUHYLRXVK\SRWKHVLV WKH
LQGLYLGXDOPRGHOZHLJKWVZNZHUHREWDLQHG VROYLQJ(T E\ D%D\HVLDQXSGDWLQJ DSSURDFKEDVHGRQ D UHFXUVLYH
GHILQLWLRQRI%D\HVODZ
$FFRUGLQJ WR WKLV DSSURDFK WKH PRGHO ZHLJKWV ZN UHVXOWHG DV D ZHLJKWHG DYHUDJH RI LWV FXUUHQW IRUHFDVW
SHUIRUPDQFHZHLJKWHGE\WKHFRQGLWLRQDOSUREDELOLWLHVRIWKHSUHYLRXVVWHS1DPHO\DWILUVWVWHSWKHZHLJKWVZNZHUH
REWDLQHGFRQVLGHULQJDVREVHUYHGGDWD'WKHGDPDJHVUHODWHGWRWKHILUVWKLVWRULFDO IORRGLQJHYHQWRFFXUULQJLQWKH
DQDO\]HGZDWHUVKHGDQGDVVXPLQJHTXDOWR.WKHSULRUSUREDELOLW\  N0S RIDOOLQGLYLGXDOPRGHO0N$WVHFRQG
VWHSLQGLYLGXDOPRGHOZHLJKWVZNZHUHREWDLQHGE\(TFRQVLGHULQJWKHGDPDJHVUHODWHGWRWKHVHFRQGKLVWRULFDO
IORRGLQJHYHQWDVREVHUYHGGDWD'DQGDVVXPLQJDVSULRUSUREDELOLW\  N0S RI WKHPRGHO0N WKH UHODWHGZHLJKW
REWDLQHGLQWKHSUHYLRXVVWHSDQGVRRQ$WWKHHQGRIWKHXSGDWLQJDSSURDFKZHUHREWDLQHGWKHZHLJKWVRIWKHLQGLYLGXDO
PRGHOVWDNLQJLQWRDFFRXQWWKHLQIRUPDWLRQOLQNHGWRDOOIORRGLQJHYHQWPRQLWRUHGLQWKHZDWHUVKHG)LJLOOXVWUDWHV
DQH[DPSOHRIKRZWKH%0$PHWKRGRORJ\SURGXFHVDPXOWLPRGHOIRUHFDVW3'))LJEVKRZVWKHLQGLYLGXDOPRGHO
ZHLJKWVREWDLQHGDWWKHHQGRIWKH%D\HVLDQXSGDWLQJDSSURDFKWKHH[SRQHQWLDOGDPDJHFXUYH(;3REWDLQHGWKH
KLJKHUOLNHOLKRRGWREHWKHEHVWPRGHOZLWKZHLJKWHTXDOWRZKLOHWKHSRO\QRPLDORUG32/<SUHVHQWHG
WKHORZHUOLNHOLKRRGHTXDOWR
7RHYDOXDWHWKHSHUIRUPDQFHRIPRGHOSUHGLFWLRQVWZRPHDVXUHVDVVRFLDWHGZLWKDFFXUDF\DQGIRUHFDVWVNLOOZHUH
FRPSXWHG(TRQIORRGLQJGDPDJHYDOXHVLQRULJLQDOVSDFHQRWWKH%R[&R[WUDQVIRUPHGVSDFHWKHSHUFHQWDJH
ELDV 3%,$6 DQG WKHSHUFHQWDJH URRWPHDQ VTXDUH HUURU 3506( FRPSXWHG DV WKHSHUFHQWDJH LPSURYHPHQWV RI
506(RYHUWKHUHIHUHQFHYDOXHV506(UHODWHGWRWKHEHVWLQGLYLGXDOPRGHOSUHGLFWLRQ
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3%,$6 LV DQ DFFXUDF\ PHDVXUH WDNLQJ LQWR DFFRXQW WKH HUURU EHWZHHQ D SUHGLFWLRQ DQG WKH FRUUHVSRQGLQJ
REVHUYDWLRQ,WPHDVXUHVWKHDYHUDJHWHQGHQF\RIVLPXODWHGYDOXHVWREHODUJHURUVPDOOHUWKDQWKHLUREVHUYHGRQHV
7KHRSWLPDOYDOXHRI3%,$6LV]HURZLWKORZPDJQLWXGHYDOXHVLQGLFDWLQJDFFXUDWHPRGHOVLPXODWLRQV3RVLWLYHYDOXHV
LQGLFDWHRYHUHVWLPDWLRQELDVZKHUHDVQHJDWLYHYDOXHVLQGLFDWHPRGHOXQGHUHVWLPDWLRQELDV3506(LVDIRUHFDVWVNLOO
EHLQJFORVHO\UHODWHGWRWKHYDULDQFHUHSUHVHQWVIRU%0$DQLPSRUWDQWXQFHUWDLQW\PHDVXUHWKDWEHWWHUGHVFULEHVWKH
SUHGLFWLYHXQFHUWDLQW\WKDQLQDQRQ%0$VFKHPH
)RU DOO KLVWRULFDO IORRGLQJ HYHQWV DQDO\]HG)LJ  VKRZV WKH3506( )LJ D DQG3%,$6 VWDWLVWLFV RI WKH
H[SHFWHG%0$SUHGLFWLRQVWRJHWKHUZLWKWKDWUHODWHGWRWKHVLPSOHPRGHODYHUDJHSUHGLFWLRQV60$)LJE)LJ
D VKRZ WKDW WKH 3%506( VWDWLVWLFV RI WKH H[SHFWHG%0$SUHGLFWLRQV DUH EHWWHU WKDQ WKDW RI WKH EHVW LQGLYLGXDO
SUHGLFWLRQVIRUHYHQWVDQGDUHFOHDUO\EHWWHUWKDQWKDWWKH60$SUHGLFWLRQVIRUDOOHYHQWV6LPLODUFRQVLGHUDWLRQ
FDQEHGRQHZLWKUHJDUGWRWKH3%,$6VWDWLVWLFVVKRZHGLQ)LJEZKHUHIRUHDFKHYHQWDUHDOVRVKRZHGWKH3%,$6
VWDWLVWLFVRIWKHEHVWLQGLYLGXDOPRGHO(YHQLI%0$SUHGLFWLRQVRYHUHVWLPDWHGDPDJHELDVWKHUHODWHGDFFXUDF\DUH
EHWWHUWKDQ60$SUHGLFWLRQVDQGIRUVRPHHYHQWVEHWWHUWKDQWKHLQGLYLGXDOPRGHO7KLVLQGLFDWHVWKDWVLPSO\DYHUDJLQJ
WKHRULJLQDOHQVHPEOHSUHGLFWLRQVZRXOGQRWQHFHVVDULO\OHDGWRLPSURYHGDFFXUDF\RIWKHSUHGLFWLRQV

793 V. Notaro et al. /  Procedia Engineering  89 ( 2014 )  788 – 795 

)LJ,PSOHPHQWDWLRQRI%D\HVLDQPRGHODYHUDJLQJRQIRXUPRGHOVGHSWKGDPDJHFXUYHVDSRVWHULRUGLVWULEXWLRQRIGDPDJHIRUHFDVWIRUHDFK
PRGHOELQGLYLGXDOPRGHOZHLJKWVREWDLQHGDWWKHHQGRIWKH%D\HVLDQXSGDWLQJFPRGHOIRUHFDVWVZHLJKWHGE\QRUPDOL]HGOLNHOLKRRGDQG
ZHLJKWHGIRUHFDVWVXPPHGWRIRUP%0$GHQVLW\FRQWLQXRXVOLQH

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
)LJ3%,$6DQG3506(VWDWLVWLFVRI%0$DQG60$SUHGLFWLRQV
)LJVKRZVKRZWKH%0$DSSURDFKLVPRUHSRZHUIXOWKDQWKHVHOHFWLRQRIDQ\VLQJOHPRGHO$YDLODEOHHYHQWV
ZHUHHTXDOO\GLYLGHGLQXSGDWHVHWVUHSUHVHQWLQJWKHDQDO\VLVRIDPRGHOXVHUFROOHFWLQJGDWDDQGZLOOLQJWRLPSURYH
WKHUHOLDELOLW\RIWKHGDPDJHHVWLPDWLRQIXQFWLRQ


)LJ%LDVSURJUHVVLRQZLWK%D\HVLDQXSGDWH
$IWHUWKHILUVWGDWDVHWLVDYDLODEOHWKHRSHUDWRUKDVWKUHHXQGHUHVWLPDWLQJPRGHOV3RO\([SDQG3RZHUDQGRQH
ODUJHO\RYHUHVWLPDWLQJ3RO\WKHEDUVDUHFXWRYHU7KH60$DSSURDFKSURGXFHKLJKHUELDVWKDQDQ\VLQJOH
PRGHODSDUW3RO\7KH%0$SURYLGHVWKHVDPHELDVRIWKHEHVWVLQJOHPRGHO([S'XULQJIROORZLQJXSGDWHVWHSV
WKH60$DSSURDFKSURYLGHVJURZLQJELDVEHFDXVHWKHZRUVHPRGHOLQIOXHQFHVLW,QWKHPHDQWLPHDOOWKHRWKHUVLQJOH
PRGHOVSURYLGHGHFUHDVLQJELDVZLWKWKH([SPRGHOEHLQJDOZD\VWKHEHVW7KH%0$VKRZVWRRXWSHUIRUPZLWKUHVSHFW
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WRWKHVLQJOHPRGHOVEHFDXVHLWZHLJKWVWKHXQGHUHVWLPDWLQJPRGHOVDQGWKHRYHUHVWLPDWLQJRQHVLQRUGHUWRKDYHD
EHWWHUHVWLPDWLRQRIWKHGDPDJH
&RQFOXVLRQ
$QXQIRUWXQDWHWUXWKLQPRGHOGHYHORSPHQWLV WKDWQRPDWWHUKRZPDQ\UHVRXUFHVDUHLQYHVWHGLQGHYHORSLQJD
SDUWLFXODUPRGHOWKHUHUHPDLQFRQGLWLRQVDQGVLWXDWLRQVLQZKLFKWKHPRGHOLVXQVXLWDEOHWRJLYHDQDFFXUDWHIRUHFDVW
5HOLDQFHRQDVLQJOHPRGHOW\SLFDOO\RYHUHVWLPDWHVWKHFRQILGHQFHDQGLQFUHDVHVWKHVWDWLVWLFDOELDVRIWKHIRUHFDVW
%D\HVLDQ PRGHODYHUDJLQJ %0$ WHFKQLTXHV ORRN WR RYHUFRPH WKH OLPLWDWLRQV RI D VLQJOH PRGHO E\ OLQHDUO\
FRPELQLQJDQXPEHURIFRPSHWLQJPRGHOVLQWRDVLQJOHQHZPRGHOIRUHFDVW,QWKHSUHVHQWVWXG\WKHDSSOLFDWLRQRI
%0$VFKHPHWRIORRGLQJGDPDJHDQDO\VLVKDVVKRZQWREHDQXVHIXOVWDWLVWLFDOVFKHPHWKDWJHQHUDWHVSUREDELOLVWLF
SUHGLFWLRQVIURPGLIIHUHQWFRPSHWLQJSUHGLFWLRQV7KHH[SHFWHG%0$SUHGLFWLRQVKDVVKRZQSHUIRUPDQFHVEHWWHURU
FRPSDUDEOHWRWKHEHVW LQGLYLGXDOPRGHOSUHGLFWLRQV LQWHUPVRI3%506(DQG3%,$6VWDWLVWLFV0RUHRYHUIRUDOO
DQDO\]HGHYHQWVWKH%0$SUHGLFWLRQSHUIRUPDQFHZDVFOHDUO\EHWWHUWKDQWKDWWKH60$SUHGLFWLRQVWKXVFRQILUPLQJ
WKDW VLPSO\ DYHUDJLQJ WKH RULJLQDO HQVHPEOH SUHGLFWLRQV ZRXOG QRW QHFHVVDULO\ OHDG WR LPSURYHG DFFXUDF\ RI WKH
SUHGLFWLRQV
5HIHUHQFHV
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